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Abstract 
 
Lightning strike has been one of the major factors that lead to failure of electrical power system. In 
recent years, metal oxide surge arrester has been widely used and it is now an essential item in the 
insulation coordination for power systems based on its excellent electrical characteristics. Recently, 
the study of dynamic lightning model of metal oxide arrester has been conducted to provide an 
accurate performance in the operation. This paper presents a simplified lightning model for 
distribution-class metal oxide surge arrester derived from the IEEE Working Group (WG) 3.4.11 
model. The model parameters were calculated from the standard data sheets obtained from the 
manufacturer. The effectiveness of the model was tested and compared with the residual voltage 
test results for typical lightning surges of 8/20µs. 
 
 
 
 
1. INTRODUCTION 
 
Surge protections of transmission and distribution 
systems are now commonly examined based on the 
results of their network simulation of their responses 
to the electrical overstresses. Correct simulation 
needs an accurate model of the network elements and 
this includes an accurate lightning model for Metal 
Oxide Surge Arrester (MOSA). 
 
MOSA has been in the markets for more than twenty 
years since it was first introduced, however, its 
modeling [1,2,3] is still a problem. Several accurate 
models have been proposed to describe the MOSA 
behavior for different kind of electrical stress. The 
significant dynamic characteristic of MOSA is that 
the voltage across MOSA increases as time to crest of 
the arresters current decreases and that the MOSA 
voltage reaches a peak before the arresters current 
reaches its peak. Therefore, the MOSA can not only 
be modeled by a non-linear resistance.  This dynamic 
study may be found useful in the insulation 
coordination studies. 
 
One of the models was proposed by IEEE W.G. 
3.4.11 [1]. The MOSA was represented by two non-
linear resistors in parallel separated by an R-L filter. 
This filter represented a dynamic (frequency 
dependant) characteristics that were significant for 
lightning and other fast wave-front surges, which 
have their peak in the range of 8µs or faster. 
However, the difficulties with this model are the 
identification of the model parameters, and the need 
of the field test or trial-error procedures to obtain the 
acceptable parameter values.  
 
The purpose of this paper is to present a simplified 
model for MOSA for typical lightning surges of 8/20 
µs and better procedures to find its parameters 
identification from the standard current impulse test 
and the data provided by the manufacturer. The 
structure of the proposed model is based on the well-
known frequency dependant model recommended by 
the IEEE W.G 3.4.11 with minor adjustments to give 
accuracy to the dynamic behavior of the MOSA. 
 
Effectiveness and accuracy of the proposed model is 
verified by comparing the data from the standard 
residual voltage test and the result of the proposed 
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model simulated using EMTDC/PSCAD [9]. 
 
 
2. The IEEE LIGHTNING MODEL 
 
The frequency-dependant model recommended by 
IEEE W.G. 3.4.11 has the non-linear I-V 
characteristics represented by two sections of non-
linear resistance (A0 & A1) separated by an R-L 
filter . Figure 1 illustrates this model. 
 
Figure 1. The IEEE Frequency-Dependant Model for MOSA [1]. 
 
For slow front surges, the R-L filter impedance is 
extremely little and A0 & A1 are essentially 
connected in parallel. For fast front surges the 
impedance of this filter becomes more significant and 
causes a current distribution between the two non-
linear branches. The high frequency current is forced 
by L1 inductance to flow more in the A0 section than 
in A1. Since the characteristic of A0 has higher 
voltage than A1, the higher the frequency, the higher 
the residual voltage.   
 
This IEEE model shows that the frequency dependant 
model gives satisfactory result for discharge current 
with a range of time to crest for 0.5µs to 45 µs. 
However, the main problem with this model is in 
choosing the parameters of the model. 
 
3. THE PROPOSED MODEL 
 
In searching for a simplified lightning model 
especially for typical lightning strike 8/20 µs, the 
following model is derived from the standard model 
[1], with some minor adjustments. 
 
Figure 2. The Proposed Model 
 
 
The definition of non-linear resistors characteristics 
(A0 & A1) are calculated with the equation of the 
form I =kVα. The α value is estimated between two 
desired magnitudes of current and corresponding 
voltage by  
 
 
 
               Log (I2/I1)  
α    = ______________                                     (1) 
              Log (V2/V1) 
 
 
 
Where V1 and V2 are the voltages at current I1 and 
I2 (I2>I1). Correct values of k and α are calculated 
providing some points of the I-V characteristic over 
wide current ranges from small current and high-
current application (ten thousand of amperes) [2]. 
The values of V1, V2, I1 and I2 are obtained from the 
impulse testing. Figure 3 shows a typical 10 kA 
(8/20µs) current impulse and the corresponding 
residual voltage. Table 1 lists the relative voltage per 
unit (p.u.) referred to residual voltage at rated current 
impulse (8/20µs). The initial characteristic of the 
non-linear resistors A0 and A1 is shown on figure 4. 
These curves are derived from the curve proposed by 
the IEEE W.G.3.4.11.[1], the values are referred to 
the peak value of the residual voltage measured 
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during the residual voltage test with the 10kA 8/20µs 
rated current impulse.  
 
 
Figure 3. Typical 10 kA (8/20 µs) current impulse and the residual 
voltage 
 
 
Table 1. V-I Characteristic for Ao & A1 
 
 
Figure 4. I-V Characteristic of Non-Linear Element 
 
The inductance Lz in the model represents the 
inductance associated with MOSA elements. 
Measurement of Lz is not possible, because this 
inductance is very small compared to the arrester 
capacitances. In this study, Lz was set to a small 
value (0.1 µh). During the impulse current tests, 
special care was taken to minimize lead inductance.   
 
The inductance Lo is the inductance associated with 
magnetic fields in the immediate vicinity of the 
arresters. The function of the inductive element is to 
characterize the model behavior with respect to 
lightning surges. The voltage across the MOSA 
reaches a peak before the current reaches its peak. 
This is believed due to the inductive Lo.  The 
following empirical equation can be used to obtain 
Lo: 
                         dI     
VL =   Lo ____ 
                        dt 
 
                         dt 
 Lo  =   VL  ____ 
                         dI       
 
                                  ( t2 – t1) 
       =  [V(t1) – V(t2)]   ________           (2) 
      
      ( I2  - I1) 
 
where: 
VL =  [V(t1) – V(t2)] 
 = Voltage related to inductive element Lo 
V(t1) = Peak residual voltage   
V(t2) = Residual voltage at peak current  
I1      = Current at peak residual voltage 
I2            = Peak current  
t1 = Peak residual voltage time 
t2 = Peak current time 
 
This equation is based on the fact that parameter Lo 
is related to the roles that this inductive element has 
in the proposed model.  
 
Using equation (2) and substituting the data from the 
10 kA impulse testing shown in Figure 3 , the values 
of inductive element Lo are calculated as follows: 
 
                                             (11.3 – 4.5)  10- 6 
Lo =  (38.83 k – 36.33k )     ______________ 
                             
                   ( 10.02 – 5.28) 10 3 
 
      = 3.59 µH 
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where  V1 = 38.83 kV , V2 =36.33 kV  
                I1  = 5.28 kA , I2 = 10.02 kA 
                t1  = 4.5 µs and t2 = 11.3 µs 
 
The Capacitance C, represents the geometric terminal 
to terminal arrester capacitance. This value can be 
obtained by the measurement of the 50 Hz ac 
response of MOSA. The terminal to terminal 
capacitance, C, is found to have a magnitude of 84.4 
pF. 
  
The proposed model does not require to take account 
of any physical characteristic of the arresters. Only 
the standard data sheet obtained from the 
manufacturer and the current impulse testing is 
required. This approach overcomes the trial and error 
procedures to obtain the acceptable parameters.  
 
4. EXPERIMENTAL SET UP 
 
Figure 5 shows an experimental current impulse 
generator for MOSA. The residual voltage across the 
arrester and the current impulse are measured using 
the voltage divider and the low resistive current shunt 
respectively. These are then observed on the 
oscilloscope. The elevated current impulse tests at 5, 
10 and 20 kA were conducted on the identical 10 kA 
distribution class arresters from the same 
manufacturer. Table 2 shows the 8/20 µs current 
impulse test results for the three current levels. 
 
 
Figure 5. Current Impulse Generator 
Table 2. 8/20µs Current Impulse Test Results 
 
I (kA) Residual Voltage (kV) 
5 33.15 
10 36.33 
20 40.52 
 
 
5. MODEL VALIDATION 
 
The model presented here derives from the standard 
model [1], with some minor differences. The 
parameter selection is based on the information 
provided from the lightning impulse testing and the 
performance data sheet.  Table 3 shows parameter 
values obtained from the 10 kA lightning impulse 
testing. The two sections of non linear resistance (A0 
& A1)  are referred to Table 1. Figure 6 shows the 
proposed model implemented on PSCAD with 
different lightning current impulse magnitude. 
 
 
Table 3. Model Parameters Performance Data Sheet 
 
Model Parameters 
Lz 0.1 µH 
Lo 3.59µH 
C 84.4 pF 
  
 
 
The current impulse (8/20µs) generator is modelled 
according the IEC 60.2 current impulse standard 
equation [8], 
 
 
 I(t) = A Ip t3 e-(t/T)    (3) 
 
 
where A =0.01243, 
      T= 3.911µs  
      Ip is the desired peak current magnitude. 
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Figure 6.  Simulation Model 
 
Table 4. shows the performance data sheet obtained 
from the manufacturer’s data sheet.  
 
Table 4. Performance Data Sheet from the Manufacturer’s Catalog 
 
Rated Voltage (r.m.s)                            = 12.5  kV 
Max. Cont. Operating Voltage (r.m.s)   = 10    kV 
   
Wave  I (kA) V Residual (kV 
   
8/20 µs 5.0 32.5 
 10.0 36.4 
 20.0 39.7 
 
To put into evidence the accuracy of the proposed 
model, the comparison between the lightning impulse 
test results, simulation results and the performance 
data obtained form the manufacturer are shown in 
Table 5. The relative errors are also calculated, the 
model has a relative error lower than 2.6 % for 
lightning current impulse (8/20µs). Figure 7, 8 and 9 
show the results of the residual voltage test 
simulation.  
 
Table 5. Comparison of Residual Voltage Simulation Results and  
Performance Data 
 
   Wave 8/20 µs  
I (kA)   V residual (kV)  
 Data Measured Error (%) Simulated Error (%) 
1 29.7 29.59 0.3 29.95 0.84 
5 32.5 33.15 2.1 31.95 1.7 
10 36.4 36.33 0.19 36.95 1.5 
20 39.7 40.52 2.06 40.76 2.6 
 
 
Figure 7. Residual voltage of simplified model for 5 kA current 
impulse of 8/20µs 
 
 
 
Figure 8. Residual voltage of simplified model for 10 kA current 
impulse of 8/20µs 
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Figure 9. Residual voltage of simplified model for 20 kA current 
impulse of 8/20µs 
 
6. CONCLUSIONS 
 
This paper presents a simplified lightning model for 
MOSA. The model is derived from the frequency 
dependant model recommended by IEEE. The 
proposed model has shown some good performance 
and accuracy for typical lightning current (8/20 µs) 
compared to performance data provided by the 
manufacturer.  
 
In summary the proposed model allows identifying 
its parameters based on the standard 8/20 µs current 
impulse test result and the performance data sheet. 
This overcomes the trial-error procedure to obtain the 
acceptable parameter values. The accuracy of the 
simulation can be improved when the arrester 
characteristic is chosen to be consistent with the 
frequency and current during system perturbation. 
More works will be conducted to validate this model 
at other current impulse waveshape.  
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